Introduction
Recently, the CMOS image sensor (CIS) has been widely applied to the digital still camera, optical mouse, security camera, and mobile phone. The strong demands for CIS applications have created the need for pixels smaller than 3.0μm square. Pixel size reduction, however, results in crosstalk and photosensitivity deterioration because it is inevitably accompanied with the decreases in photodiode aperture area and microlens area. Crosstalk in an image sensor array degrades the spatial resolution, reduces overall sensitivity, causes color mixing, and leads to image noise after color correction. Metal shield and microlens shift can be used for crosstalk reduction, but they either degrade pixel sensitivity or are not suitable for zooming lens system [1] . For further improving the optical performance of CIS, we combine an additional microlens formed with oxide above each pixel and call it oxide microlens (OML). This novel OML collects more incident light, thus, enhances the pixel sensitivity and reduces optical crosstalk significantly. Since the oxide layer protects the microlens, particles on pixel array, if any, can be more easily and safely removed during the package process. Actually, the number of particles generated during the wafer sawing and assembly process cannot be neglected and it was confirmed that package yield was increased due to the application of optimized oxide deposition process [2] . In this work, with a purpose of obtaining stable and improved yield of CMOS imagers, we made a process optimization and developed the low temperature oxide film applied to the OML. We investigated the reliability of CIS device with the OML formed by the low temperature oxide (LTO) film through thermal-humidity (TH) test.
Experiment
We were performed by the several split items for LTO deposition on planarization layer (PL)/Color filter (CF)/Buffer oxide substrate in the fabrication sequence of CMOS image sensor from the procedure shown in Table 1 . The PL on CFA and color filters are all organic materials, which show basically photo-resist-like characteristics, the temperature control during the LTO oxide deposition was the major concern. Thickness of the oxide film was a range of 500~600 nm and deposition temperature increased from 160 to 250°C because the light-filtering properties as well as the physical structure of color filters we used are known to degrade very rapidly 250 o C. The process temperature was found to be crucial factor, and in case of applying the conventional recipes for depositing on the PL/CFA/Buffer oxide/Si structure, peculiar process troubles such as cracking and delamination which occurred of between oxide film and the PL/CFA was thermally unstable. The optimized LTO film was helpful for the prevention of such problems.
The cross-sectional view of LTO/PL/CFA/Buffer oxide/Si structure fabricated by the optimized process sequence is shown in figure 1 , and the effect of the change of fabrication sequence on the wafer test yield is shown in Table 1 and figure 2. It can be noticed that the wafer test yield was increased to about 92% by applied the optimized process sequence by thermal-humidity (TH) tester. In addition to the enhancement of wafer test yield and the stability of testing process, it was also found that the LTO film of microlens had an additional contribution to the enhancement of image sensor yield through a different way. Figure 2 shows the results of the film reliability of the samples which carried out thermal-humidity (TH) test for 168 hrs at 85 o C / 85%RH. Figure 3 shows the positions of the failure die in the samples. The die which the delamination between LTO film and PL occurred is marked as red color and the die which was not observed the film delamination is marked as white color relatively.
Results and Discussion
From these two figures, it could be seen that the delamination between LTO film and PL is decreased with the deposition temperature of LTO film. The samples which were deposited at 160 o C and 180 o C delaminated between LTO film and PL layer and the images of those samples are shown in figure 4 (a) . Figure 4 (b) shows the images of the samples which were deposited above 220 o C. It could be seen that the delamination between LTO film and PL was not occurred.
The cross-section SEM images of the samples which were deposited at the temperature from 180 
Summary
CMOS image sensors were fabricated by below 130nm CMOS logic process and the effect of process modification, the oxide microlens and performing the pad opening process at the final stage of sensor fabrication, on the product yield was investigated. Low temperature oxide (LTO) films with thickness of 600 nm deposited at a region of 220 o C were highly stable during the thermal-humidity (TH) testing, which made it possible to the LTO deposition process at the sensor fabrication procedure. The oxide film deposited on the planarization layer (PL) by the optimized deposition process, we could obtain a high adhesion of between LTO and PL, which ensured the stable and improved wafer test yield. The optimized LTO film deposited on PL was attributed to the enhancement of adhesion strength during the package process of sensor chips. Table 1 . The change of fabrication sequence of the samples. 
